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Introduction
Intangible capital is an important factor of production in modern economies. It is rarely introduced in business cycle models, however, perhaps because it is assumed to have little impact on the short-run dynamics of macroeconomic variables, or viewed as too difficult to measure. In this paper, we present preliminary results showing that intangible capital can have a substantial impact on business cycle dynamics, and offer some new empirical evidence relating to our theory.
Specifically, we provide quantitative simulations showing that the labor wedge -the ratio of the marginal rate of substitution of households and the marginal product of labor of firms -can appear counter-cyclical and volatile in an economy where intangible capital is an important factor of production -especially if this intangible capital is a complement to production capacity. The cyclical behavior of the labor wedge has been highlighted as an important feature of the data that remains so far largely unexplained (Hall 1997 , Mulligan 2002 , Chari, Kehoe, and McGrattan 2005 .
The prime example of intangible capital motivating our analysis is customer capital -the capital embodied in the relationships a firm has with its customers -which has a natural complementarity with production capacity: in order to make sales, a firm must both produce the goods and services, as well as attract the customers to sell them to.
1 It would appear an important form of intangible capital based on the substantial resources firms spend on customer acquisition and retention each year: marketing expenses have been estimated to amount to as much as 8 percent of GDP, with 11 percent of the workforce employed in sales-related occupations. As many customer relationships take the form of long-term repeat relationships, this spending can be viewed as investment into customer capital.
We consider a simple extension of the real business cycle model incorporating investment by firms in a long-lived customer base. In this setting, an expansion in firm sales requires an increase in the customer base, through an increase in selling effort. Be-1 Except perhaps at very high frequencies where inventories allow to disconnect sales from production for some goods.
cause selling effort represents investment into customer capital, it is volatile and contributes to a significant increase in aggregate labor. Sales and output rise only slowly, however, as customers accumulate over time. An economist faced with the evidence produced by the model would be puzzled by the small increase in output relative to labor, which implies a significant drop in the measured labor wedge. The wedge is not related to an inefficiency here, but rather reflects the measurement problems associated with intangible capital.
Our theory has implications for the cyclical properties of selling effort, and hence, we start by providing some new evidence on this. We then formalize and quantify these ideas in the context of a model. 
Cyclicality of Selling Effort
Is selling effort procyclical or countercyclical? Two alternative intuitions come to mind.
On the one hand, if building a customer base is a form of investment, we might expect it to be procyclical, as investment tends to be. But on the other hand, if the business cycle is driven by fluctuations in demand, and if recessions are times when finding customers is harder, selling effort might be countercyclical.
One important piece of evidence on this issue is the cyclical behavior of advertising, known to be significantly procyclical. Our primary interest is measuring the number of employees engaged in building new customer relationships (corresponding to investment into customer capital), which brings about the challenge of figuring out which occupations correspond to this activity.
The BLS defines a group of "sales-related occupations" (SRO), but some of these jobs are likely to have more to do with serving existing customers than attracting new ones. Further, the BLS does not include in this category several occupations that clearly represent new customer acquisition, such as marketing managers and market researchers.
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For these reasons, we construct several categories of selling employment. The first one is the sales-related occupations category as defined by the BLS, which amounts to 10.7 percent of total employment. These workers are roughly average in terms of their wage, education (28 percent have a college education), and demographics. If we take out cashiers and clerks, who are likely to be less involved in customer acquisition, the share of employment for this category falls to 4.7 percent, but the average wage increases by 30 percent (37 percent of the remaining workers have a college education).
This new category is mostly made up of different types of sales representatives, including those in financial services and real estate, and retail sales supervisors. The third category adds marketing managers and market researchers to the second category. Finally, the fourth category takes out retail sales supervisors from the third category.
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Having constructed these four groups, we measure their cyclical sensitivity by running simple regressions of the employment growth of each group ∆ log N it on aggregate employment growth ∆ log N t : The results show that employment in sales-related occupations is procyclical, and somewhat more variable than aggregate employment overall. When we focus on those categories thought to be more involved in customer acquisition (our second, third, and fourth categories), we find that in many cases there are larger sensitivities still. This is perhaps even more surprising given that these workers are more educated and earn higher incomes -qualities we would expect to be associated with less cyclical variation ceteris paribus. Overall, we conclude that selling effort appears to be procyclical and relatively volatile. 
Theory
Consider the following simple extension of the neoclassical business cycle model. Firms produce output y t using a standard Cobb-Douglas production technology:
where k t is capital, n p,t production labor, and z t productivity. Capital accumulates according to the law of motion k t+1 = (1 − δ)k t + x t , and the wage rate is w t . To deliver this production output to the goods market, the firm must build a base of customers, which accumulates according to the law of motion
The customer base depreciates at the rate δ m and grows as the firm employs sales labor to market and sell its production. (We use a broad interpretation of this sales labor, such that all labor engaged in customer acquisition activities is included.) For the sake of simplicity we assume a linear, labor-only technology for customer acquisition, with ξ representing the productivity of sales activity.
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Given this, the firm problem reads as follows:
where M 0,t is the stochastic discount factor, in equilibrium equal to the marginal rate of substitution of households. This firm problem differs from the standard one simply by adding the law of motion for the customer base together with the demand constraint that sales equal the size of the customer base y t = m t + ξn s,t , as well as the related choice of how much sales labor to hire.
We denote by µ t the Lagrange multiplier on the demand constraint, so that the optimality condition for sales labor becomes
indicating that the firm hires sales labor up to a point where the marginal cost equals the present discounted value of the resulting customer capital.
The optimality condition for production labor becomes
indicating that the firm hires production labor to a point where the marginal cost equals the marginal product, while taking into account the costs of customer capital required to sell the additional output. Rearranging equation (3) shows that µ t turns out to equal the markup the firm makes over the marginal costs of production.
And finally, the optimality condition for investment becomes
which similarly takes into account the costs of customer capital required to sell the additional output.
The household side of the model is standard: The household chooses how much labor to supply and how much to consume to maximize the expected present discounted value of flow utility, U(c, n) = log c − γ 1+1/ε n 1+1/ε . The first order conditions imply that
In equilibrium, markets for goods and labor clear: c t + x t = y t and n t = n p,t + n s,t .
Shock Propagation
We now turn to study the impact of intangible capital on shock propagation in the model. For the sake of brevity, we focus on shocks to productivity z t .
To parameterize the model, we first adopt values for the standard parameters from the business cycle literature, setting α = 0.3, δ k = 0.025, β = 0.995, ε = 4, on a quarterly basis, and set γ = 4.19 to target a steady-state wedge of 0.4. We then follow the approach of Gourio and Rudanko (forthcoming) in parameterizing δ m and ξ. We set δ m = 0.05 based on available evidence on customer turnover rates, and ξ = 0.72 to target a steadystate share of labor in sales of 15 percent. As discussed above, according to the BLS classification, sales-related occupations account for 11 percent of employment, but also employees outside this category are likely to be involved in customer acquisition to a degree.
Turning to the results, Figure 2 displays the responses of output, labor, sales labor, and the labor wedge in the model to a persistent one percent increase in productivity z.
We measure the labor wedge as
following Shimer (2009) .
The figure compares the customer capital model to the standard real business cycle (RBC) model, the limit of the customer capital model when ξ → ∞. As the first panel illustrates, customer capital generates a hump-shaped output response. When productivity increases, firms seek to take advantage of this by expanding production, but the expansion is constrained by the customer base. To build up the customer base, firms increase sales labor in response to the shock, and as a result aggregate labor increases more than in the RBC model. As a consequence, the response of measured productivity in our model is also hump-shaped, and markedly different from z. The final panel depicts the labor wedge, which is constant in the RBC model but counter-cyclical and volatile in the customer capital model. To understand the behavior of the labor wedge in the customer capital model, note that the labor wedge calculation assumes a standard Cobb-Douglas aggregate production function, where the marginal product of labor can be measured using the average product y/n (see equation (5)). This expression is misspecified in our model. Our model can be thought of as a two-sector model (production and sales) with perfect complementarity between sectors, where the output of the sales sector (the new customer relationships) is not counted in GDP. As a result, the average product of labor -calculated as y/n -does not correspond to the marginal.
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To illustrate the role of the complementarity, Figure 2 compares these responses to a variant of the customer capital model relaxing the complementarity. In this model m represents an intangible capital which enters into production as:
The expression for the marginal product continues to be misspecified in this setting as well, but as the figure shows, the quantitative impact on model dynamics is clearly weaker.
A potential resolution to the measurement problem is to use consistent measures of labor and output in the expression for the marginal product: if we only include pro-duction output in the numerator, then we should only include production labor in the denominator. Returns to labor are equated across production and sales activities in this economy, and in the model without complementarity one can indeed use y/n p as an exact measure of the marginal product of labor. In the customer capital model (with complementarity) this is not the case, however, as seen in equation (3).
Finally, note that simply making it costly for firms to attract customers is not enough to get the effects of customer capital highlighted here. In a model where the customer base depreciates fully from one period to the next (δ m = 1), sales labor is always proportional to output and the model dynamics are very similar to the standard RBC model.
To quantify the magnitude of these effects, we produce business cycle moments and compare them to US data in Table 2 . For each model, we set the volatility of z so that the Solow residual in the model has the same volatility as in the data. The first row recapitulates well-known stylized moments of US business cycles. Relative to this evidence, the RBC model underestimates the volatility of employment and the labor wedge, while the customer capital model generates significantly more volatility in both. The volatility of sales labor in the model appears high relative to the data, however.
Concluding Remarks
Intangible capital is typically omitted in business cycle analysis, and our preliminary results suggest that this may be an important omission. Clearly, more work remains to be done on developing the evidence, and the theory will likely need to be adjusted accordingly. Our simple model for example predicts a volatility for selling effort that is high relative to our data. How would this -and other results -change if the model was extended to allow firms to use prices as an alternative means of attracting customers?
How would imperfect competition, an intensive margin of demand, or endogenous separations of customers affect these results? These questions remain for future research.
